Inflammatory bowel disease is characterized by oxidative and nitrosative stress, leukocyte infiltration, up-regulation of the expression of intercellular adhesion molecule-1 (ICAM-1), and up-regulation of P-selectin in the colon. Here we investigate the effects of the tyrosine kinase inhibitor, Tyrphostin AG 126, in rats subjected to experimental colitis. Colitis was induced in rats by intracolonic instillation of dinitrobenzene sulfonic acid (DNBS). Rats experienced hemorrhagic diarrhea and weight loss. Four days after administration of DNBS, the mucosa of the colon exhibited large areas of necrosis. Neutrophil infiltration (determined by histology as well as an increase in myeloperoxidase activity in the mucosa) was associated with up-regulation of ICAM-1 and P-selectin, as well as high tissue levels of malondialdehyde. Immunohistochemistry for nitrotyrosine and poly(ADP-ribose) polymerase showed an intense staining in the inflamed colon. Staining with an anti-COX-2 antibody of sections of colon obtained from DNBS-treated rats showed a diffuse staining of the inflamed tissue. Furthermore, expression of inducible nitric oxide synthase was found mainly in macrophages located within the inflamed colon of DNBS-treated rats. Tyrphostin AG 126 (5 mg/kg daily ip) significantly reduced the degree of hemorrhagic diarrhea and weight loss caused by administration of DNBS. Tyrphostin AG 126 also caused a substantial reduction of (1) the phosphorylation of tyrosine residues of proteins (immunoblots of inflamed colon), (2) the degree of colonic injury, (3) the rise in myeloperoxidase activity (mucosa), (4) the increase in the tissue levels of malondialdehyde, (5) the increase in staining (immunohistochemistry) for nitrotyrosine and poly(ADP-ribose) polymerase, as well as (6) the up-regulation of ICAM-1 and P-selectin caused by DNBS in the colon. Thus, we provide the first evidence that the tyrosine kinase inhibitor Tyrphostin AG126 reduces the degree of colitis caused by
P
hosphorylation of proteins on tyrosine residues by protein tyrosine kinases plays an important role in the regulation of cell proliferation, cell differentiation, and signaling processes in cells of the immune system. The receptor tyrosine kinases participate in transmembrane signaling, whereas the intracellular tyrosine kinases take part in the signal transduction to the nucleus. Enhanced activity of tyrosine kinases has been implicated in the pathophysiology of many diseases associated with local (atherosclerosis, psoriasis) or systemic inflammation, including sepsis and septic shock (Levitzki and Gazit, 1995) .
Inhibition of the activity of tyrosine kinases attenuates the expression of the genes of the proinflammatory cytokines tumor necrosis factor (TNF␣), interleukin (IL)-1, IL-6, and interferon-␥ (Geng et al, 1993; Dinarello, 1996) . Several tyrosine kinase inhibitors, including Tyrphostin AG 126, prevent the expression of several pro-inflammatory proteins, including the inducible isoform of cyclooxygenase (COX-2) (Akarasereenont and Thiemermann, 1996; Kengatharan et al, 1996) and the inducible isoform of nitrous oxide (NO) synthase (iNOS) (Akarasereenont et al, 1995; Kengatharan et al, 1996) . An increase in iNOS activity has been documented in the colon of animals with experimental colitis (Zingarelli et al, 1999a ) and in patients with Crohn's disease or ulcerative colitis (Miller et al, 1995; Ikeda et al, 1997) . It has been postulated that the deleterious effects of NO are mediated, at least in part, by peroxynitrite, a potent oxidant produced by the reaction of NO and superoxide anion (Beckman et al, 1990) . Peroxynitrite is cytotoxic via a number of independent mechanisms including (1) the initiation of lipid peroxidation, (2) the inactivation of enzymes (eg, mitochondrial respiratory enzymes and membrane pumps) (Crow and Beckman, 1995) , and (3) depletion of glutathione (Phelps et al, 1995) . Moreover, peroxynitrite can also cause DNA damage (Inoue and Kawanishi, 1995) , resulting in the activation of the nuclear enzyme poly(ADP-ribose) polymerase [PARP; also known as poly(ADP-ribose) synthetase, PARS], depletion of NAD and ATP, and ultimately cell death . The activation of PARP may also play an important role in various experimental models of inflammation, including colitis Thiemermann et al, 1997; Zingarelli et al, 1999b) .
We have hypothesized that the inhibition of the activity of protein tyrosine kinases may represent a novel approach for treatment of inflammation. Many previous strategies aimed at reducing inflammation have been limited to targeting a single mediator in one compartment of the body (Tracey et al, 1987; Fisher et al, 1993 Fisher et al, , 1996 Abraham et al, 1995) . In contrast, tyrosine kinase inhibitors act directly on cells, not on mediators. Thus, inhibitors of tyrosine kinase activity should reduce the formation and/or effects of proinflammatory cytokines (eg, TNF␣ and IL-1), the expression of iNOS and COX-2, and the activation of the transcription factor NF-B (Guy et al, 1991; Glaser et al, 1992; Novogrodsky et al, 1994) . Although all of these effects of inhibitors of tyrosine kinase should be "anti-inflammatory" in nature, there are few studies that investigate the effects of tyrosine kinase inhibitors in animal models of acute and chronic inflammation.
A family of tyrosine kinase inhibitors, the tyrphostins, which are derivatives of benzylidene malononitrile, have recently been discovered. Here we investigate the effects of Tyrphostin AG 126 on the inflammatory response (colitis) caused by intracolonic administration of dinitrobenzene sulfonic acid (DNBS). In particular, we investigate the effects of Tyrphostin AG 126 on the colon injury associated with DNBSinduced colitis. To gain a better insight into the mechanism of action of Tyrphostin AG 126, we also investigate the effects of Tyrphostin AG 126 on the expression of iNOS and COX-2 protein (by immunohistochemistry) and activity and peroxynitrite formation and activation of the nuclear enzyme PARP (by immunohistochemistry).
Results

Effects of Tyrphostin AG 126 on the Degree of Colitis (Histology)
Four days after intracolonic administration of DNBS, the colon appeared flaccid and filled with liquid stool. The cecum, colon, and rectum showed evidence of mucosal congestion, erosion, and hemorrhagic ulcerations (see Fig. 1 for damage score). The histopathological features included a transmural necrosis and edema and a diffuse leukocyte cellular infiltrate in the submucosa ( Fig. 2A) . The inflammatory changes of the intestinal tract were associated with an increase in the weight of the colon (Fig. 3B) . Treatment of rats with Tyrphostin AG 126 significantly attenuated the extent and severity of the histological signs of colonic injury (Figs. 2B and 3B) . A significant increase in the weight of the spleen, an indicator of inflammation, was also noted in vehicle-treated rats that had received DNBS (Fig. 3A) . No significant increase in weight of either colon or spleen was observed in DNBS-rats that had been treated with Tyrphostin AG 126 (Fig. 3) . The survival of animals was monitored for 7 days. DNBSrats that had received vehicle developed severe hemorrhagic diarrhea, and 40% and 80% of these animals died within 2 and 6 days, respectively, after DNBS administration. In contrast, only 20% of the rats that had been treated with Tyrphostin AG 126 had hemorrhagic diarrhea and died (Fig. 4) . The surviving rats appeared healthy and showed a very mild degree of diarrhea.
Effects of Tyrphostin AG 126 on Changes of Body Weight
In vehicle-treated rats, the severe colitis caused by DNBS was associated with a significant loss in body weight (Fig. 5) . Treatment of DNBS-rats with Tyrphostin AG 126 significantly reduced the loss in body weight.
Effect of Tyrphostin AG 126 on Cytokine Production
The levels of TNF␣ and IL-1␤ were significantly elevated in the colon at 4 days after DNBS treatment. In contrast, the levels of these cytokines were significantly lower in Organ weight. A significant increase was consistently seen at 4 days after DNBS injection in spleen (A) and colon (B). The weight of the organs was significantly reduced in the rats that had been treated with Tyrphostin AG 126. Values are means Ϯ SEM of 10 rats for each group. *p Ͻ 0.01 versus sham; E p Ͻ 0.01 versus DNBS.
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rats treated with Tyrphostin AG 126 (Fig. 6) . No significant increase in the levels of cytokines was observed in the colon of sham-administered rats.
Effect of Tyrphostin AG 126 on Nitric Oxide Production and COX-2 Expression
In the colons obtained from animals subjected to DNBSinduced colitis, a significant increase of iNOS activity was detected at 4 days (Fig. 7) . The iNOS activity was significantly ( p Ͻ 0.01) lower in DNBS-treated rats treated with Tyrphostin AG 126 (Fig. 7) . Four days after DNBS treatment, colon sections were taken to determine the immunohistological staining for iNOS and for COX-2. Although there was negligible staining in the intestinal sections of control animals (data not shown), immunohistochemical analysis, using a specific anti- Effect of Tyrphostin AG 126 treatment on DNBS-induced mortality. Survival is significantly improved in Tyrphostin AG 126-treated rats compared with the high mortality rate of the DNBS-treated rat. n ϭ 10 rats for each group. *p Ͻ 0.01 versus DNBS. iNOS antibody and a specific anti-COX-2 antibody, revealed a positive staining primarily localized in the infiltrated inflammatory cells and in disrupted epithelial cells (Fig. 8, A and B, respectively) . As demonstrated in Figure 8C , the positive staining for iNOS and for COX-2 protein are colocalized in inflammatory cells and in disrupted epithelial cells. Tyrphostin AG 126 reduced the degree of immunostaining for iNOS and COX-2 in the colon of DNBS-treated rats (Fig. 8, D to F) .
Effect of Tyrphostin AG 126 on Nitrotyrosine Formation and PARP Activity
To determine the localization of "peroxynitrite formation" and/or other nitrogen derivatives produced dur- Effect of Tyrphostin AG 126 treatment on iNOS activity 4 days after DNBS intracolonic administration. DNBS administration induced a significant increase in iNOS activity. Tyrphostin AG 126 treatment significantly reduced the iNOS activity. Values are means Ϯ SEM of 10 rats for each group. *p Ͻ 0.01 versus sham; E p Ͻ 0.01 versus DNBS.
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ing colitis, nitrotyrosine, a specific marker of nitrosative stress, was measured by immunohistochemical analysis in the distal colon. Four days after DNBS treatment, sections of the colon were taken to determine the immunohistological staining for PARP. Sections of colon from sham-administered rats did not stain for either nitrotyrosine or PARP ( 
Effect of Tyrphostin AG 126 on Myeloperoxidase Activity and Lipid Peroxidation in the Colon
The colitis caused by DNBS was also characterized by an increase in myeloperoxidase (MPO) activity, an indicator of the infiltration (accumulation) of the colon by polymorphonuclear neutrophils (PMN) (Fig. 10A ). This finding is consistent with the observation made with light microscopy that the colon of vehicle-treated DBNS-rats Immunohistochemical localization for COX-2 and for iNOS in the colon. No positive staining for COX-2 (A) or for iNOS (B) was found in the colon section from sham-operated rats. Immunohistochemistry for COX-2 (D) and for iNOS (E) shows positive staining localized in the injured area from DNBS-treated rats. The intensity of the positive staining for COX-2(G) and for iNOS(H) was significantly reduced in the ileum from Tyrphostin AG 126-treated rats. Panels C, F, and I represent the staining combination of panels A and B, D and E, and G and H, respectively. Original magnification, ϫ32. contained a large number of PMN. Infiltration of leukocytes into the mucosa has been suggested to contribute significantly to the tissue necrosis and mucosal dysfunction associated with colitis, because activated PMN release large amounts of free radicals. The increase in MPO activity in the colon correlated positively with the increase in tissue levels of malondialdehyde, indicating an increase in lipid peroxidation (Fig. 10B) . Treatment of DNBS-rats with Tyrphostin AG 126, however, significantly reduced both the degree of PMN infiltration, determined as an increase in MPO activity, and the associated lipid peroxidation, determined as an increase in tissue malondialdehyde (MDA) levels (Fig. 10) .
Effect of Tyrphostin AG 126 on P-Selectin and ICAM-1 Expression
To further elucidate the effect of Tyrphostin AG 126 on neutrophil accumulation in inflamed colon, we evaluated the intestinal expression of the intercellular adhesion molecule-1 (ICAM-1) and P-selectin. Tissue sections from sham-administered rats, stained with Immunohistochemical localization for nitrotyrosine and for PARP in the colon. No positive staining for nitrotyrosine (A) and for PARP (B) was found in the colon section from sham-operated rats. Immunohistochemistry for nitrotyrosine (D) and for PARP (E) shows positive staining localized in the injured area from DNBS-treated rats. The intensity of the positive staining for nitrotyrosine (G) and for PARP (H) was significantly reduced in the ileum from Tyrphostin AG 126-treated rats. Panels C, F, and I represent the staining combination of panels A and B, D and E, and G and H, respectively. Original magnification, ϫ32. 
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anti-ICAM-1 antibody, showed a specific staining along the vessels, demonstrating that ICAM-1 is expressed constitutively in endothelial cells (Fig. 11A) . After DNBS administration, the staining intensity substantially increased in the vessels of the lamina propria and submucosa. Immunohistochemical staining for ICAM-1 was also present in epithelial cells of injured colon and in infiltrated inflammatory cells in damaged tissues from DNBS-treated rats (Fig. 11D) . Tissue sections from Tyrphostin AG 126-treated rats did not reveal any up-regulation of the constitutive ICAM-1, which was normally expressed in the endothelium along the vascular wall (Fig. 11G) . No positive staining with anti-P-selectin antibody was observed in tissue sections obtained from sham-administered rats (Fig.  11B) . Tissue sections of colon obtained from DNBStreated rats showed positive staining for P-selectin localized in the vascular endothelium (Fig. 11E) . In tissue obtained from Tyrphostin AG 126-treated rats, no expression of P-selectin (Fig. 11H ) was found. As can be seen in Figure  11E , positive staining for P-selectin and for ICAM-1 are colocalized in the endothelium. 
Effect of Tyrphostin AG 126 on Tyrosine Phosphorilation in the Colon
Using Western blotting, immunoreactivity for tyrosine phosphorylation was also detected. In colon tissues from sham-operated rats (Fig. 12, Lane A) , no significant tyrosin phosphorylation was found. However, there was a marked increase in the tyrosine phosphorylation immunoreactivity in colon tissues from DNBS-treated rats (Lane B). Tyrosine phosphorylation in DNBS-treated rats was most notable in proteins of approximately 194 kD and 116 kD (Lane B).
Treatment with Tryphostin AG 126 significantly reduced the tyrosine phosphorylation (Lane C).
Discussion
This study provides the first evidence that pretreatment of rats with Tyrphostin AG 126 attenuates (1) the colon injury (histology), (2) the infiltration of the colon with PMN (histology and MPO activity), and (3) the degree of lipid peroxidation in the colon caused by DNBS in the rat. All of these findings support the view that the protein Immunohistochemical localization of P-selectin in the colon. Staining of colon tissue sections obtained from sham-operated rats with anti-ICAM-1 antibody showed a specific staining along vessels, demonstrating that ICAM-1 is constitutively expressed (A). Ileum section from sham-operated rats revealed no positive staining for P-selectin (B). Sections from DNBS-treated rats showed intense positive staining for ICAM-1 (D) and for P-selectin (E) on endothelial cells. The degree of endothelial staining for ICAM-1 (G) and for P-selectin (H) was markedly reduced in tissue sections obtained from Tyrphostin AG 126-treated rats. Panels C, F, and I represent the staining combination of panels A and B, D and E, and G and H, respectively. Original magnification, ϫ32. What, then, is the mechanism by which Tyrphostin AG 126 protects the colon against this inflammatory injury? We demonstrate here that Tyrphostin AG 126 (at a dose that reduces the degree of colitis caused by DNBS) abolishes the increase in tyrosine phosphorylation observed in the colon of rats with DNBSinduced colitis. This finding supports the view that the dose of Tyrphostin AG 126 used in this study is sufficient to inhibit the activity of tyrosine kinases in vivo. The assay used (eg, Western blot using an antibody against phosphorylated tyrosine residues in proteins) does not, however, indicate which specific tyrosine kinases are inhibited by Tyrphostin AG 126.
Inhibitors of the activity of protein tyrosine kinases reduce (among other effects) the biosynthesis and/or the effects of the pro-inflammatory cytokines TNF␣ and IL-1. There is good evidence that TNF␣ and IL-1 help to propagate the extension of a local or systemic inflammatory process (Saklatvala, 1986; Guy et al, 1991; Wooley et al, 1993) . We confirm that the models of colitis used here lead to a substantial increase in the levels of TNF␣ and IL-1 in the colon. Interestingly, the levels of these two pro-inflammatory cytokines are significantly lower in the animals that were treated with Tyrphostin AG 126. We propose that at least some of the antiinflammatory effects of Tyrphostin AG 126 reported here are due to prevention by this tyrosine kinase inhibitor of the formation of TNF␣ and IL-1 in the colon.
Although there is good evidence that TNF␣ (and IL-1) causes the activation and translocation of nuclear factor-B (NF-B) into the nucleus, there is also evidence that (1) tyrosine phosphorylation itself plays an important role in the activation of NF-B, and (2) that tyrosine kinase inhibitors diminish the activation of NF-B (Kwon et al, 1995; Mahon and O'Neill, 1995; Nishiya et al, 1995) . Thus, it is possible that Tyrphostin AG 126 prevents the activation of NF-B either by an indirect effect (eg, prevention of the formation of TNF␣, see above) or by a direct effect. Suppression of the activation of NF-B by Tyrphostin AG 126 may well result in a reduced expression of enzymes (eg, iNOS, COX-2), cytokines (TNF␣, IL-1␤, IL-6, etc.), or adhesion molecules (ICAM-1, VCAM-1, E-selectin) known to play an important role in the pathophysiology of inflammation.
In the rat, DNBS causes an overproduction of NO due to induction of iNOS, which contributes to the inflammatory process (Zingarelli et al, , 1999a . We demonstrate here that Tyrphostin AG 126 attenuates the expression of iNOS in the colon from DNBStreated rats. Thus, the reduction of the expression of iNOS by Tyrphostin AG 126 may contribute to the attenuation by this agent of the formation of nitrotyrosine in the colon of DNBS-treated rats. Nitrotyrosine formation, along with its detection by immunostaining, was initially proposed as a relatively specific marker for the detection of the endogenous formation "footprint" of peroxynitrite (Beckman, 1996) . There is, however, recent evidence that certain other reactions can also induce tyrosine nitration; for example, the reaction of nitrite with hypochlorous acid and the reaction of MPO with hydrogen peroxide can lead to the formation of nitrotyrosine (Eiserich et al, 1998) . Increased nitrotyrosine staining is considered, therefore, as an indication of "increased nitrosative stress" rather than as a specific marker of the generation of peroxynitrite. Thus we propose that the reduction of the expression of iNOS protein and activity caused by Tyrphostin AG 126 contributes to the reduction by this agent of the colon injury caused by DNBS in the rat.
Reactive oxygen species (ROS) and peroxynitrite produce cellular injury and necrosis via several mechanisms, including peroxidation of membrane lipids, protein denaturation, and DNA damage. ROS produce strand breaks in DNA, which triggers energyconsuming DNA repair mechanisms and activates the nuclear enzyme PARP, resulting in the depletion of its substrate nicotinamide adenine dinucleotide (NAD) in vitro and a reduction in the rate of glycolysis. Because NAD functions as a cofactor in glycolysis and the tricarboxylic acid cycle, NAD depletion leads to a rapid fall in intracellular ATP. This process has been termed the "PARP Suicide Hypothesis." There is recent evidence that the activation of PARP may also play an important role in inflammation Szabó et al, 1997 Szabó et al, , 1998 Thiemermann et al, 1997; Zingarelli et al, 1999b) . We demonstrate here that Tyrphostin AG 126 attenuates the increase in PARP activity in the colon from DNBS-treated rats. This finding suggests that prevention of the activation of PARP contributes to the beneficial effects of Tyrphostin AG 126 in DNBS-induced colitis. It should, however, be noted that there is no evidence that Tyrphostin AG 126 directly inhibits the activity of PARP in vivo.
The activation of tyrosine kinases plays a key role in the induction of COX-2, and tyrosine kinase inhibitors prevent the expression of COX-2 in vitro and in vivo (Akarasereenont and Thiemermann, 1996; Ruetten and Thiemermann, 1997) . We report here that Tyrphostin AG 126 attenuates the expression of COX-2 protein in inflammatory cells located in the colon of DNBS-treated rats. There is good evidence in this and in other models of inflammation that an enhanced formation of prostanoids after the induction of COX-2 contributes to the pathophysiology of local inflammation and also that selective inhibitors of COX-2 exert potent anti-inflammatory effects (Futaki et al, 1993; Harada et al, 1996) . We therefore propose that the observed anti-inflammatory effects of Tyrphostin AG 126 in experimental colitis are, at least in part, due to prevention of the expression of COX-2.
In conclusion, this study demonstrates that the degree of colitis caused by injection of DNBS is substantially reduced by treatment of rats with an inhibitor of protein tyrosine kinases (Tyrphostin AG 126). The mechanisms of the anti-inflammatory effects of Tyrphostin AG 126 are not entirely clear. In rats with DNBS-induced colitis, Tyrphostin AG 126 attenuates (1) the increase (in the colon) in proteins with phosphorylated tyrosine residues, (2) the formation of TNF␣ and IL-1 in the colon, (3) the expression of COX-2 and iNOS protein and activity, which results in a reduced formation of pro-inflammatory arachidonic acid metabolites and NO (and peroxynitrite), (4) the activation of PARP, and (5) the up-regulation of P-selectin and ICAM-1, which in turn may contribute to the recruitment of PMN into the colon. The question of which specific tyrosine kinase, if any, is inhibited by Tyrphostin AG 126 warrants further investigation.
Materials and Methods
The biotin blocking kit, biotin-conjugated goat antirabbit IgG, and avidin-biotin peroxidase complex were obtained from Vector Laboratories (Burlingame, California). Primary anti-nitrotyrosine antibody was purchased from Upstate Biotechnology (Lake Placid, New York). Primary antibodies for P-selectin (CD62P) and ICAM-1 (CD54) were purchased from PharMingen (DBA, Milan, Italy). All other reagents and compounds used were purchased from Sigma Chemical Company (Sigma, St. Louis, Missouri).
Data Analysis
All values in the figures and text are expressed as mean Ϯ standard error of the mean (SEM) of n observations. For the in vivo studies, n represents the number of animals studied. In the experiments involving histology or immunohistochemistry, the figures shown are representative of at least three experiments performed on different experimental days. The results were analyzed by one-way ANOVA, then by Bonferroni post-hoc test for multiple comparisons. A p value of less than 0.05 was considered significant.
Animals
Male Sprague-Dawley rats (300 -350 g; Charles River, Milan, Italy) were housed in a controlled environment and provided with standard rodent chow and water. Animal care was in compliance with Italian regulations on the protection of animals used for experimental and other scientific purposes (D.M. 116192) as well as with EEC regulations (O.J. of E.C. L 358/1 12/18/1986).
Experimental Groups
Tyrphostin AG 126 was given daily as an ip bolus injection (5 mg/kg; DNBS ϩ AG 126 group). In a vehicle-treated group of rats, vehicle (saline) was injected instead of Tyrphostin AG 126 (DNBS group). In separate groups of rats, treatment was performed in every aspect identical to the DNBS group, except that saline was given instead of DNBS (Sham group). In an additional group of animals, sham treatment was combined with the administration of Tyrphostin AG 126 (dose as above; Sham ϩ AG 126 group).
Induction of Experimental Colitis
Colitis was induced using a technique of acid-induced inflammation of the colon as described previously (Fries et al, 1999) . Fasted rats were lightly anesthetized with isoflurane, a 3.5 F catheter was inserted into the colon via the anus up to the splenic flexure (8 cm from the anus). 2,4,6-dinitrobenzene sulfonic acid (DNBS; 25 mg/rat) was dissolved in 50% ethanol (total Cuzzocrea et al volume, 0.8 ml) . Thereafter, the animals were kept for 15 minutes in a Trendelenburg position to avoid reflux. Seven animals (sham-colitis) received an enema with vehicle alone (50% ethanol, 0.8 ml). After induction of colitis or sham-colitis, the animals were observed for 3 days. On Day 4, the animals were weighed and anesthetized with chloralium hydrate (400 mg/kg, ip), and the abdomen was opened by a midline incision. The colon was removed, freed from surrounding tissues, opened along the antimesenteric border, rinsed, weighed, and processed for histology and immunohistochemistry. In an additional experiment, colitis and sham-colitis were induced in 28 rats (7 animals/ group). Animals were monitored for evaluation of mortality for 7 days.
Light Microscopy
After fixation for 1 week at room temperature in Dietrich solution (14.25% ethanol, 1.85% formaldehyde, 1% acetic acid), samples were dehydrated in graded ethanol and embedded in Paraplast (Sherwood Medical, Mahwah, New Jersey). Thereafter, 7-m sections were deparaffinized with xylene, stained with hematoxylin-eosin and trichromic van Gieson's coloration, and observed in a Dialux 22 Leitz (Leica, Wetzlar, Germany) microscope.
Localization of Nitrotyrosine, PARS, P-Selectin, ICAM-1, iNOS, and COX-2 by Immunofluorescence
Indirect immunofluorescence staining was performed on 7-m-thick sections of unfixed colon of the rat. Sections were cut with a Slee and London cryostat at Ϫ30°C, transferred onto clean glass slides and dried overnight at room temperature (RT). Sections were permeabilized with acetone at Ϫ20°C for 10 minutes and rehydrated in phosphate buffered saline (PBS; 150 mM NaCl, 20 mM sodium phosphate, pH 7.2) at RT for 45 minutes. Sections were co-incubated overnight with (1) antinitrotyrosine rabbit polyclonal antibody (1:500 in PBS, v/v) or with anti-poly(ADP-ribose) goat polyclonal antibody (1:500 in PBS, v/v), or (2) with primary anti-iNOS antibody (1:500 in PBS, v/v) or with anti-COX-2 antibody (1:500 in PBS, v/v), or (3) with rabbit anti-human polyclonal antibody directed at P-selectin (CD62P), which reacts with rat and with mouse anti-rat antibody directed at ICAM-1 (CD54) (1:500 in PBS, v/v) (DBA, Milan, Italy). Sections were washed with PBS, and co-incubated with secondary antibody (TRITC-conjugated anti-goat and with FITC-conjugated anti-rabbit (Jackson Immunoresearch, West Grove, Pennsylvania) antibody (1:80 in PBS, v/v) for 2 hours at RT. Sections were washed as before, mounted with 90% glycerol in PBS, and observed with a Nikon RCM8000 confocal microscope equipped with a 40ϫ oil objective.
Detection of Tyrosin Phosphorylation by Western Blotting
Colon was homogenized in radioimmunoprecipitation assay (RIPA) buffer on ice using a tissue homogenizer. The material was incubated on ice for 30 minutes, then centrifuged at 14,000g for 20 minutes at 4°C. Then, 50 g of each sample was diluted in 2ϫ volume SDStreated buffer and heated to 95°C for 5 minutes. Samples were then loaded into 8% to 16% Tris-glycine. Gels were run at 125 volts for 2 hours, then transferred to 0.45 m nitrocellulose at 25 volts for 60 minutes using Towbin buffer system. Membrane was blocked in 1% BSA: 1% non-fat-milk in PBS-T for 1 hour, then probed with an antibody against tyrosine-phosphorylated proteins (antityrosine phosphorylation, DBA, Milan, Italy; 1 g/ml in PBS-T [0.05%] for 2 hours at RT). The blot was washed three times with PBS-T, once with H 2 O, and incubated for 1.5 hours with secondary antibody (1:3000). Finally, 1.5 ml of mixed ECL chemiluminescence was added for 1 minute. The blot was then exposed to x-ray film for 60 seconds.
Myeloperoxidase Activity
MPO activity, an indicator of PMN accumulation, was determined as previously described (Mullane et al, 1985) . Four days after intracolonic injection of DNBS, the colon was removed and weighed. The colon was homogenized in a solution containing 0.5% hexadecyl-trimethyl-ammonium bromide dissolved in 10 mM potassium phosphate buffer (pH 7) and centrifuged for 30 minutes at 20,000g at 4°C. An aliquot of the supernatant was then allowed to react with a solution of tetra-methyl-benzidine (1.6 mM) and 0.1 mM H 2 O 2 . The rate of change in absorbance was measured spectrophotometrically at 650 nm. MPO activity was defined as the quantity of enzyme degrading 1 mol of peroxide per minute at 37°C, and was expressed in milliunits per gram weight of wet tissue.
Malondialdehyde Measurement
The levels of MDA in the colon were determined as an indicator of lipid peroxidation (Ohkawa et al, 1979) . Four days after intracolonic injection, colon was removed, weighed, and homogenized in 1.15% KCl solution. An aliquot (100 l) of the homogenate was added to a reaction mixture containing 200 l of 8.1% SDS, 1500 l of 20% acetic acid (pH 3.5), 1500 l of 0.8% thiobarbituric acid, and 700 l distilled water. Samples were then boiled for 1 hour at 95°C and centrifuged at 3,000g for 10 minutes. The absorbance of the supernatant was measured by spectrophotometry at 650 nm.
Measurement of Cytokines
The levels of TNF␣ and IL-1␤ were evaluated in the colon 4 days after intracolonic injection of DNBS. The assay was performed with a colorimetric, commercial kit (Calbiochem-Novabiochem Corporation, Milan, Italy).
Determination of Nitric Oxide Synthase Activity
The calcium-independent conversion of L-arginine to L-citrulline in the homogenates of colon (obtained 3 days after DNBS treatment in the presence or the absence of Tyrphostin AG 126) served as an indicator of iNOS 
